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Method for Determining the Mass of a Motor Vehicle While Taking Into 
Account Different Driving Situations 

[0001] The present application is a continuation of International Patent 
Application No. PCT/EP02/08616, filed August 2, 2002, designating the United 
States of America and published in German as WO 03/029764 Al, the entire 
disclosure of which is incorporated herein by reference. 

BACKGROUND AND SUMMARY OF THE INVENTION 
[0002] The invention relates to a method for determining the mass of a motor 
vehicle while taking into account different driving situations. The method 
involves the evaluation of the respective vehicle acceleration, whereby in 
addition to the driving force of a vehicle drive unit the respective resistance 
forces resulting from rotational forces, from the air resistance, from the rolling 
resistance and from the slope descending force are taken into account. In 
addition to DE 197 24 092 Al please refer in particular to BE 197 28 867 Al for 
the technical scope. 

[0003] For instance, for more complex chassis control systems under 
development it is desired or even necessary to have knowledge available 
regarding the current mass or the current weight of a motor vehicle, also of a 
passenger motor vehicle. Naturally the total weight of a specific vehicle 
depending on the load condition and on the fill level in particular of the fuel tank 
can vary over a relatively wide range. At first view, the easiest solution for 
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determining the vehicle weight is using a suitable load-sensing device attached 
in the wheel suspension, however this is not practical for series production for 
cost reasons among other things. The same is true for pressure measurement in 
a vehicle's pneumatic suspension system if the vehicle is equipped with a 
pneumatic suspension system at all. 

[0004] For example from the above mentioned documents another approach is 
known, however up to now it has been tested only with commercial vehicles such 
as heavy goods vehicles or the Uke. With the second mentioned DE 197 28 867 
Al a mass value representing the vehicle mass of a commercial vehicle equipped 
with a drive unit is determined by recording at least a first as well as a second 
acceleration value of the vehicle. These acceleration values represent the vehicle 
acceleration at a first and a second point in time at which the drive values 
representing the driving force or the driving torque are recorded. At least 
depending on the recorded acceleration values and the recorded drive values 
then at least a first and a second driving resistance value will be identified. 
Thereby the vehicle mass value is determined as a function of a comparison of at 
least the first identified vehicle resistance or estimated mass value with the 
second identified vehicle or estimated mass value. This comparison enables the 
recognition of a roadway gradient through which an incorrect mass identification 
caused by the roadway gradient is supposed to be prevented. 

[0005] According to the first DE 197 24 092 Al mentioned above the vehicle 
mass of a commercial vehicle with a towing vehicle and a trailer or semi-trailer. 
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comprising an activatable braking device that acts upon the wheels of the towing 
vehicle and trailer/semi-trailer, is also determined through the vehicle 
acceleration. An initial acceleration value is recorded that represents the vehicle 
acceleration before activation of the brake device, as is at least a second 
acceleration value that represents the vehicle acceleration after activation of the 
brake device. The vehicle mass or a signal representing the vehicle mass is then 
determined or generated as a function of the first and second recorded 
acceleration values. 

[0006] Based on the fact that these familiar mass determination methods or 
mass estimation methods have only been tested for relatively heavy commercial 
vehicles, it can be concluded that these methods are relatively inaccurate, i.e. 
that a relative large dispersion of the measurement results occurs. However this 
can be tolerated with large commercial vehicles whose empty weight and load 
weight significantly differ from one another. Significantly more accurate results 
should be provided by such a method for passenger vehicles since otherwise such 
a calculation practically would not need to be conducted, but rather an 
approximation value could be simply used that would be formed from the empty 
weight as well as an average payload. 

[0007] Therefore it is the object of the present invention to further expand a 
method for determining the mass of a motor vehicle while taking different 
driving situations into consideration, involving an evaluation of a vehicle 
acceleration, wherein apart from a driving force of a vehicle drive unit, resistance 
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forces resulting from rotational forces, air resistance, rolling resistance, the slope 
descending force and a braking force are taken into consideration, to the effect 
that a sufficiently accurate mass estimation can be made possible based virtually 
on the information that is already available in the vehicle or can be obtained 
through a suitable sensor or signal evaluation. 

[0008] The solution to this object is characterized in that in the same approach 
the respective braking force is also taken into account. Particularly good results 
will be obtained thereby when a multitude of different driving situations is 
evaluated, whereby the individual results are each stored and combined to form 
a collective mass value. Thereby the proposed method can be further improved 
when the individual results are weighted differently. Additional embodiments 
are discussed herein. 

BRIEF DESCRIPTION OF THE DRAWING 

[0009] Figure 1 is a flow chart illustrating an embodiment of a method in 
accordance with present invention. 

DETAILED DESCRIPTION 

[00101 Pursuant to the invention practically all of the vehicle driving conditions 
can be used for an evaluation particularly of a collective approach with the help 
of this which the vehicle mass can be identified. In particular it is not only 
possible to take a positive acceleration in the (horizontal) plane but rather a 
negative acceleration, i.e. a brake application, into account. In particular an 
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evaluation with the influence of a slope descending force should also be possible, 
i.e. when the vehicle is not moved in the (horizontal) plane but rather uphill or 
downhill. Preferred methods for determining the correct incline or the correct 
decline, i.e. the gradient angle in relation to the horizontal plane, are illustrated 
further below. Fig. 1 is a flow chart illustrating an embodiment of a method in 
accordance with the present invention, including element numbering 
corresponding to the element numbers in the following paragraphs. 

[0011] With the assistance of the so-called collective approach the vehicle mass 
or a value representing it can always be calculated when a virtually stationary 
condition exists for at least a short period of time, in particular one with 
essentially constant vehicle acceleration — here this signifies also the 
acceleration of the vehicle in the geodetic vertical direction. Through this a 
multitude of values obtained for the vehicle mass are made available within a 
short time and in particular without the vehicle mass having undergone any 
notable change. These values can be further processed suitably, in the simplest 
case they can be averaged, to obtain a relatively exact estimation value for the 
vehicle mass. 

[0012] To increase the quality of the determination process result different 
driving conditions that are weighted in different degrees can be included in the 
determination of the collective calculated vehicle mass. For example driving 
conditions in which the vehicle experiences a positive acceleration, at least with 
a completely retracted drive unit, i.e. when it shows no excessive friction losses 
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and therefore has reached its normal efficiency, will be taken into account with a 
higher weighting than braking operations, in particular when the amount of the 
coefficient of friction between the brake disc and brake lining is questionable for 
example due to on high temperatures. Conversely, the result obtained from a 
positive acceleration caused by the drive unit that is not yet fully retracted is 
weighted lower than for example a result for the vehicle mass obtained by a 
positive vehicle acceleration that results from a slope descending force. 

[0013] Therefore during weighting basically factors can also be taken into 
account such as the operating temperatures of the drive unit and the 
transmission, which influence the efficiency in connection with other influencing 
parameters. Another aspect with weighting can be the respective driving 
situation because the reliability of the estimation can vary depending on the 
allotted evaluation timeframe and occurring vertical, horizontal as well as 
perpendicular dynamics. Other factors that influence the weighting are the 
turning radii and the use of driving dynamic control systems. 

[0014] The total vehicle mass can be estimated in detail based on the following 
approach: 

F = m* aeff = Fmotor — Frot —Fair resistance— Frolling resistance — Fgradient - F brake. 

wherein "F" stands for a force, "m" represents the vehicle mass and "aeff" is the 
effective vehicle acceleration. The drive force of the vehicle drive unit is "Fmotor" 
112, the effective rotational forces are contained in "Frot" 114 and the vehicle's air 
resistance is taken into account in the amount "Fair resistance" 116. The rolling 
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resistance of the vehicle is included in "Froiiing resistance" in the above approach, 
while a slope descending force is taken into account in the term "Fgradient" and the 
respective braking force is taken into account through "Fbrake" 118. 

[0015] A conversion of the above approach results in the following: 
m 130 = (Fmotor - Frot " Fair resistance - Fbrake) HO / (dv/dt + g [-] • sin(B) + g • CroU) 
120, wherein the time-related differential 122 of the vehicle speed V replaces 
the acceleration "aeff", "crou" reflects the rolling resistance coefficient of the 
vehicle 126 and "g" stands for the acceleration due to gravity (9.81 m/s^). Like 
the latter, the rolling resistance coefficient "croU ' is considered constant (and 
primarily independent of the type of tire that is used). The angle 6 finally 
specifies the gradient angle of the roadway 124 and therefore represents the 
slope descending force or the force "F gradient in fact both with a positive 
inclination as well as with a decline if a negative value is set for 13. 

[0016] The novel idea with this approach as opposed to the familiar state-of-the- 
art is that depending on the driving situation the gradient resistance as well as 
the braking force are determined and stored 140 and taken into account and that 
in addition different driving situations are used for safeguarding other results (if 
no prior estimated mass values have been obtained, at least one additional 
estimated mass value must be obtained before evaluating estimated mass values 
from different driving situations, as indicated in step 150). A greater accuracy 
and reliability of the mass estimation of a vehicle than in the familiar prior art 
can be obtained through the evaluation 160 of as many occurring situations as 
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possible and if necessary subsequent varying weighting (by means of suitable 
weighting factors 142) of more or less favorable driving situations. Therefore it 
is proposed to compare the respectively best results from as many measurements 
as possible with each other and to obtain a better result for the vehicle mass 
(weighted estimated vehicle mass 162) from these observations. 

[0017] Concerning the effective forces based on the above collective approach, 
the driving force "FMotor" for several currently built passenger vehicles can now 
be queried through the electronic onboard system. The tractive force of the drive 
unit can be calculated as follows: 

FMotor = ((MDJnd - MD_Fric) • MD _Norm • ntotai ' etatotai) / rwheei, 
with 

MDJnd: actual torque of the drive unit [for example in % of the maximum 
value] 

MD_Fric: loss of torque [for example in %] 
MD_Norm: max. torque of the respective unit type 

ntotai: total gear ratio = nTransmission • nRA-Transmission 

etatotai: efficiency level for transmission and rear axle transmission 

and rwheei: radius of vehicle wheels, wherein for exact measurements the so- 
called tire expansion as a function of the vehicle speed can be taken into 
consideration. 

[0018] If the vehicle is equipped with an automatic transmission, in general a 
special onboard system signal exists, which contains information on the 
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respectively current gear ratio with a current efficiency level, wherein the 
efficiency of a transmission depends e.g. on the torque that is to be transmitted, 
on the input speed as well as of the operating temperature. The most important 
parameters here are known from characteristic diagrams. With a differential it 
is a known fact that efficiency decreases additionally with torque distribution so 
that the highest efficiency is achieved when driving straight ahead on a 
horizontal road. 

[0019] The rotational forces "Frot" of the above-mentioned approach can be 
obtained by estimating the respectively valid gear ratios and moments of inertia. 
For the acceleration of rotating masses, the following force must be applied: 
Frot =Ttotai* (dv/dt)/r2, 

wherein the overall moment of inertia Ttotaiis composed of the individual 
moments of inertia, multiplied by the square of the respective gear ratio, i.e. for 
example: 

Ttotal = Twheel + TRA-Transmission • iRA-Transmission^ + TMotor • itransmission^ • iRA-Transmission^ 

The moments of inertia in the drive train are known for various types of vehicles; 
deviations due to different tire dimensions and wheels are negligible. The value 
for Ttotal is calculated in different ways as a function of the algebraic sign of the 
torque of the drive unit (driving or pushing operation). 

[00201 The air resistance or the corresponding force Fresistance is known for the 
vehicle as a measure or can be calculated with the help of the known air 
resistance coefficient, the known vehicle front surface as well as the current 



9 



Attorney Docket: 080437. 52816US 
Third Clean Copy of Substitute Specification 

vehicle speed; here possibilities for larger errors can be excluded through a 
limitation to a lower speed range (e.g. to below about 70 km/h). This also avoids 
errors due to roof luggage racks or head wind or tail wind in the higher speed 
range since it is known that the force is proportional to the square of the speed 
"v". 

[0021] In this context it should be pointed out that the air resistance of the 
vehicle can certainly be determined from driving dynamics. For example during 
a mountain descent at high speed without additional braking forces and very low 
torque of the drive unit, it is primarily only the air resistance that "brakes" and 
the value can be compared to the target value. This effect should occur over an 
extended period of time and also in all directions, i.e. without disturbances or 
head wind. This then also allows e.g. roof loads to be detected or it is in general 
possible to adapt the cw value to other driving situations and to draw 
furthermore a very rough conclusion of the center of gravity of the motor vehicle. 

[0022] Incidentally the restriction to a lower speed range suggested two 
paragraphs earlier has the additional advantage that in this speed range also the 
rolUng resistance is roughly constant and thus almost independent of the 
possible equipment with series tires of the vehicle / passenger car. Incidentally a 
clearly elevated rolling resistance caused for example by snow on the road can be 
detected by comparing wheel speeds among the individual wheels. This would 
then for example be a case where an above-mentioned weighting factor is 
supposed to be set at a very low value for the corresponding mass determination. 
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[0023] In this context it should also be mentioned that an evaluation of 
sufficiently long transmission shifting breaks at a relatively low vehicle speed, 
during which no driving force "FMotor" is applied, permits an albeit rough, but 
generally sufficiently accurate statement of the sum of current rolling and air 
resistance values, particularly with knowledge of the slope descending force, i.e. 
the roadway inclination (uphill or downhill), so that an appropriate value can be 
stored for subsequent calculations. Incidentally the cut-off frequency of low-pass 
filtration of the wheel speed signals can be adjusted to the situation that is to be 
evaluated, which with reduced accuracy also enables an evaluation of relatively 
brief driving situations. 

[0024] As far as the slope descending force "Finciination" of the above collective 
approach resulting from the inclination resistance (or from a decline, i.e. 
generally from a roadway inclination in the driving direction) is concerned, the 
roadway uphill or downhill inclination can be determined relatively accurately 
by means of the longitudinal acceleration sensor that is installed in the vehicle. 
Such a longitudinal acceleration sensor can determine the vehicle's acceleration 
occurring in the horizontal direction. From the change in speed of the vehicle 
wheel speed then on the other hand an acceleration of the vehicle occurring in 
the roadway direction can be easily determined. If now these two determined 
acceleration values (which can be negative or positive) are related to each other, 
then this allows the roadway inclination in the driving direction (upward or 
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downward inclination) to be determined easily and thus the above-mentioned 
inclination angle p. 

[0025] The accuracy of this result can be increased if additionally the pitch 
angle of the vehicle body in relation to the chassis, which can be determined with 
the help of a suitable sensor system, is taken into consideration. An appropriate 
sensor system is already used in the production of all vehicles/passenger cars, 
which are equipped either with a pneumatic suspension system or with xenon 
headlights. With the help of this sensor system, the pitch angle error can be 
compensated with the inclination signal. This is recommended particularly in 
the case of comfortably adjusted vehicle suspension with respect to reliable 
inclination detection, while this is not required for a very hard spring 
adjustment. 

[0026] In particular through the possibility of taking a roadway inclination 
explicitly into consideration, further clearly increased improvement over the 
known prior art can be achieved. To this end, this inclination detection can be 
implemented relatively inexpensively. Once the inclination is known, depending 
on the current driving situation conclusions of other parameters of driving 
resistance are possible. Errors of the inclination signal due to strong chassis 
tension during acceleration on large inclinations can be detected and can thus be 
avoided. An evaluation of the so-called inclination signal is recommended 
especially with longer virtually stationary driving situations since an occurring 
phase offset between vehicle acceleration and the pitch angle can lead to errors. 
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[0027] A greater benefit of the inclination evaluation furthermore consists of 
the fact that driving situations with very low acceleration can also be evaluated; 
with large inclinations, even driving situations with constant driving speeds can 
be evaluated. This is due to the fact that the evaluation of smaller accelerations 
in the plane leads to large uncertainties even after a smoothing of the speed 
signal. Additionally, longer driving situations in the suitable speed range can be 
evaluated reliably during pushing operations only in connection with an 
inclination signal. 

[0028] As far as the braiding force of the above-mentioned collective approach is 
concerned, it can be determined from the force between the brake lining or the 
bralce piston displacing it and the appropriate braise disc or the lilte. When 
taking the relevant coefficient of friction into consideration, the braking force 
that is applied on the wheel can be determined, from which the respective 
braking torque on the brake disc and thus on the respective wheel can be 
deduced and which results in the desired braking longitudinal force value, which 
in the above collective approach is described as the "braking force". The 
approach for this braking force thus reads: 

Fbrake = 4 • p • (1/rwheel) • (Ak,FA • I^VA • rMc,FA + Ak,RA • M^HA • rfric,FA + rfric„RA), 

wherein "p" is the hydraulic braking pressure, 

rwheei is the radius of the vehicle wheel (possibly as a function of the vehicle speed 

V), 
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Ak,fa or Ak, ra is the surface of the brake piston beneath the front axle or the 
vehicle rear axle, |lifa / ^ira is the coefficient of friction on the front axle or rear 
axle, and rfric is the radius of the respective brake disc friction ring. 
Here one more factor for the efficiency of the brake on the front axle (FA) and the 
rear axle (RA) can be taken into consideration, which is normally in the range of 
0.95 to 0.98. For more accurate estimates, a correction factor for the low loss in 
pressure in the brake system, such as for example through work performed on 
the piston-recuperating ring, can prove useful. 

[0029] Especially with future electro-hydraulic brake systems, each wheel will 
have an exact pressure signal "p" in order to avoid distorted pulling of the 
brakes. Based on the above approach, from this the braking force can be 
determined relatively accurately because an estimate for the coefficient of 
friction of the wheel brake is available. The coefficient of friction |ll depends on 
the brake temperature, the previous driving style and possible coatings on the 
brake disc or in general on the friction partners of the brake system. 

[0030] Incidentally, with future novel brake systems, which are e.g. based on 
electro-mechanical systems, the braking force can be estimated from the 
adjusting force of the linings required there and their coefficients of friction. In 
alternative brake systems as well, such as eddy current brakes or retarders, a 
braking force can be estimated so that in general the braking force can be 
estimated firom current operating data by means of the brake system(s) available 
on the vehicle. 
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[0031] Incidentally, when taking the braking force into consideration, driving 
situations that would lead to inaccurate or incorrect results can be excluded, for 
example with the help of the above-explained weighting or an appropriate 
weighting factor. For example it can be taken into consideration when 
presumably the brakes are hot or overheated or when the vehicle is in the 
beginning phase of a braking operation in which for example first a dry braking 
process of the brake disc occurs, and the Uke. 

[0032] This way only longer-term fluctuations of the coefficient of friction have 
to be taken into consideration. In order to get a handle on them, a vehicle's mass 
can be assumed from usable evaluations of accelerations operations (without 
braking force) or braking path estimates. From a subsequent braking process, 
which fulfills the framework conditions for usable signal quality, then the 
brake's coefficient of friction is estimated. This also allows braking operations in 
the comfort range to be evaluated for a mass estimation. 

[0033] Hereby it does not matter based on above-described equation whether 
the driver has disengaged the clutch or not. For manual transmissions and 
automatic transmissions, the onboard system has information available anyhow 
as to whether a transmission of forces occurs between the drive unit and the 
vehicle driving wheels or not, so that this always allows the amount of rotational 
forces to be estimated. Compared to the braking force, this amount is almost 
negligible anyhow at higher speeds or notable retardation. The coefficient of 
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friction of the brake thus is stored as a starting value for the next trip of the 
vehicle. Clear changes, such as e.g. the installation of a new brake or a rust 
layer on the brake friction partners, can be safely detected when braking at low 
driving speed. It should be mentioned in this context that for example within the 
framework of a vehicle inspection the value of the vehicle mass can be measured 
and be input into the system. During a subsequent brief test drive the friction 
coefficient of the brake can be determined reliably and be stored. 

[0034] The described evaluation of braking operations supplies usable results 
already in the comfort range so that evaluations of braking processes close to the 
intervention threshold of control systems (ABS or the like) with non-negUgible 
slippage values is not useful. Additionally, apart from the exact braking force 
distribution between the vehicle axes the unknown coefficient of friction between 
the tires and the roadway would have to be taken into consideration. With a 
limitation to the so-called comfort braking range, thus the braking force can be 
determined from the respective braking pressure when taking an estimated 
coefficient of friction between the brake lining and the brake disc or the like into 
consideration so that preferably only braking operations without notable 
slippage between the tire and roadway are taken into consideration. 

[0035] Incidentally the braking force can also be determined from a comparison 
with the path covered during the braking operation, i.e. initially when braking in 
the comfort range without notable slippage it is possible to draw a conclusion of 
still open parameters through a comparison to the path signal, i.e. the path 
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traveled during braking, specifically based on the following approach: (0.5 • m • 

Av2 = /Fsrake • path). 

[0036] In this context it should be pointed out that the appropriate path 
measurement can also occur without slippage via position determination from a 
vehicle navigational system, wherein upon reaching a sufficiently high resolution 
with such a navigational system, which can operate in particular also in a 
satellite-controlled fashion ("GPS"), even slippage correction for optimization of 
the estimated results from the braking operations is possible. Incidentally — 
alternatively or in addition to the method described above - a sufficiently 
accurate vehicle navigational system also allows the respective roadway 
inclination to be determined or the current roadway inclination (above- 
mentioned angle P) is known from the navigational system. This information can 
then be used to adjust the inclination signal in the vehicle and possibly correct it. 
With knowledge of the exact roadway incUnation it is furthermore possible in 
connection with an estimated mass value obtained in the plane to draw rough 
conclusions of the current center of gravity of the motor vehicle in the incline or 
decline as long as the vehicle chassis adjustment (individual spring 
characteristics) from the vehicle onboard system is known. 

[0037] Overall thus several, but at least two estimated mass values that are 
essentially independent from each other are available (the presence of at least 
two values being determined, for example, at step 150 of Fig. 1), which 
considerably increases the reliability of the appropriate signal when taking the 
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boundary conditions over the known prior art into consideration. For example a 
first estimated mass value can be determined within the framework of a longer 
constant acceleration in the horizontal plane, e.g. when entering a highway. For 
example a second estimated value for the vehicle mass when traveling on a 
constant roadway inclination (in special cases without associated speed changes) 
can be determined. And for example a third estimated value for the vehicle mass 
when braking with, in special cases, constant retardation can be determined. All 
these and additional estimated values can be suitably taken into consideration, 
possibly weighted differently and suitably compared to each other in order to 
obtain as accurate a result for the mass of the vehicle as possible. 

[0038] Incidentally, depending on the signal quality of the driving force 
estimation, an offset of the estimation from the braking operation or vice versa 
for travel can be corrected. This mutual correction is beneficial since e.g. an 
error in the driving torque of the drive unit of only 5% leads to a deviation in the 
mass estimate of about 150 kg for a traditional passenger car. Similar tolerances 
also apply to the brake friction coefficient for the evaluation of retardations. The 
best adjustment possibility results from a driving situation without braking even 
only briefly in a larger descent with only httle driving torque because here only 
constant gravity acts as an accelerating force and other parameters from the 
drive unit and brake are almost negligible. 

[0039] The estimated mass values obtained this way can be made plausible 
with additional signals that are available in the onboard system of the vehicle. 
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For example a vehicle cannot be lighter than the sum of its empty weight plus 
the fill levels of liquids plus a minimum weight of the vehicle driver. By means 
of seat occupation detection additional passengers or also children's seats can be 
taken into consideration. Similarly it can be detected easily in the onboard 
system whether a trailer is being pulled. However in this case only a rough 
value for the total mass of the towing vehicle-trailer unit can be estimated 
because all characteristic values of the trailer can be dispersed over a wide 
range. The difference from this result and an estimation of the vehicle weight 
composed of empty weight, fill levels and seat occupation information supplies in 
the case of acceleration measurements in the low speed range at least a rough 
signal for the mass of the vehicle trailer. 

[0040] With the help of this data it is also possible to obtain a rough correction 
factor for the air resistance and the rolling resistance at higher vehicle speeds. A 
consideration of the steering angle or of data of the vehicle navigational system 
permits serious errors due to tail wind or head wind to be avoided. Incidentally 
an evaluation pursuant to the invention when traveling tight curves is at least 
currently not useful due to several additional influencing parameters. The 
significant factor is that the described mass estimation is performed 
continuously, i.e. can be ongoing, such that the frequency maximum minus 
detectable offsets corresponds the most likely value of the vehicle mass. 
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